SOLID-STATE IMAGING DEVICE AND METHOD OF 
MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 
[0001] 

The present invention relates to a solid-state imaging 
device and a method of manufacturing the same and, more 
particularly, a solid-state imaging device of the chip size 
10 package (CSP) type in which a micro lens is formed integrally 
on a chip. 

2 . Description of the Related Art 
[0002] 

Because of the request for the application to the 
15 cellular phone, the digital camera, etc., the demand for 
the reduction in size of the solid-state imaging device 
including CCD (Charge Coupled Device) is increased. 

As one measure for such demand, the solid-state imaging 
devices in which the micro lens is provided in the light 
20 receiving area of the semiconductor chip have been proposed. 
For instance, there has been proposed the solid-state 
imaging device, for example, that intends to reduce a size 
by packaging integrally the solid-state imaging devices, 
in which the micro lens is provided in the light receiving 
25 area, to have the hermetic sealed portion between the light 
receiving area and the micro lens of the solid-state imaging 
device ( JP-A-7-202152) . 
[0003] 

According to such configuration, reduction in the 
30 packaging area can be achieved, and also optical parts such 
as the filter, the lens, the prism, etc. can be bonded onto 
a surface of the hermetic sealed portion. Thus, reduction 
in the packaging size can be achieved not to bring about, 
reduction in the converging ability of the micro lens. 
35 [0004] 

However, upon packaging such solid-state imaging device, 



in order to pick up the signal to the outside, the solid-state 
imaging device must be mounted onto the supporting substrate 
onto which such imaging device is packaged, then the electrical 
connection must be applied by the method such as the bonding, 
5 or the like, and then the sealing must be applied. In this 
manner, there is such a problem that, since a large number 
of steps (man-hours) are required, a lot of time is needed 
to package. 

[0005] 

10 Also, if it is tried to form the external connection 

terminals on the solid-state imaging device substrate, 
restrictions are put on many areas because of optical 
connection, mechanical connection, and electrical 
connection. As a result, it is difficult to reduce the 

15 size of the solid-state imaging device. 

SUMMARY OF THE INVENTION 

[0006] 

The present invention has been made in view of the above 
circumstances, and it is an object of the present invention 

20 to provide a method of manufacturing a solid-state imaging 
device that is easy to manufacture and has high reliability. 
Also, it is another object of the present invention to provide 
a solid-state imaging device a size of which is small and which 
is easily connected to a main body. 

25 [0007] 

Therefore, according to the present invention, a 
solid-state imaging device comprises a semiconductor 
substrate on which solid-state imaging devices are formed; 
a translucent member provided onto a surface of the 

30 semiconductor substrate such that spaces are provided to 
be opposed to light receiving areas of the solid-state imaging 
devices, and a through-hole which are formed in the 
semiconductor substrate, wherein said solid-state imaging 
device is electrically connected to an external contact 

35 terminal by way of said through-hole. 
[0008] 
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According to such configuration, the signal leading 
and the current supply can be executed on the back surface 
side of the solid-state imaging device side that does not 
contribute to receive the light. Therefore, the packaging 
can be made easy and the assembling into the device can 
be facilitated, and reduction in size can be achieved as 
the overall device. Also, since the translucent member 
is connected to the semiconductor substrate such that the 
spaces are provided to oppose to the light receiving areas 
of the solid-state imaging devices, the solid-state imaging 
device that is small in size and has the good light converging 
property can be provided. 

[0009] 

In this invention, said external contact terminal 
is formed on a surface of the semiconductor substrate, said 
surface being opposed to another surface thereof where the 
solid-state imaging element is formed. 

[0010] 

In this invention, said solid-state imaging device 
further comprising a reinforcing plate which is contacted 
at a surface side of the semiconductor substrate, said surface 
side being opposed to another surface of the semiconductor 
substrate where the solid-state imaging element is formed, 
wherein said external contact terminal is arranged at a 
surface of the reinforcing plate, said surface being opposed 
to another surface of the reinforcing plate where contact 
between the semiconductor substrate and the reinforcing 
plate is made. 

[0011] 

Preferably, the translucent member of the solid-state 
imaging device is connected to the semiconductor substrate 
via spacers. Therefore, the dimensional precision of the 
spaces can be improved, and the solid-state imaging device 
with good optical characteristic can be obtained at a low 
cost . 

[0012] 



Preferably, in this invention, the spacers are formed 
of same material as the translucent member. Therefore, 
generation of the distortion due to difference in thermal 
expansion coefficients between the translucent member and 
5 the spacers in response to the temperature change can be 
prevented, and thus the longer life can be achieved. 
[0013] 

Preferably, in this invention, the spacers are formed 
of same material as the semiconductor substrate. Therefore, 
10 generation of the distortion due to difference in thermal 
expansion coefficients between the semiconductor substrate 
and the spacers in response to the temperature change can 
be prevented, and thus the longer life can be achieved. 
[0014] 

15 Preferably, in this invention, the spacers are formed- 

of resin material. In this case, . the resin material may 
be filled between the solid-state imaging device substrate 
and the translucent member, or may be constructed by the 
sheet-like resin material. If the spacers are formed by 

20 filling the resin material between the translucent member 
and the semiconductor substrate, the stress can be absorbed 
by the elasticity . Therefore, generation of the distortion 
due to difference in thermal expansion coefficients between' 
the translucent member and the spacers in response to the 

25 temperature change can be prevented, and thus the longer 
life can be achieved. 
[0015] 

Further, in this invention, the spacers are formed 
of 42 alloy or silicon. Therefore, the production cost 

30 becomes lowered, and generation of the distortion due to 
difference in thermal expansion coefficients between the 
semiconductor substrate and the spacers in response to the 
temperature change can be prevented, and thus the longer 
life can be achieved. Also, the material is not limited 

35 to the 42 alloy, and other metal , ceramic, inorganic mater ial , 
or the like may be employed. 
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[0016] 

In this invention, said through-hole is filled with 
a conductive material in an inner wall thereof with an 
insulating film being formed in-between, 
5 [0017] 

In this invention, said insulating film is made of 
silicon oxide. 

[0018] 

In this invention, thickness of said insulating film 
10 is no less than 0.5/im. 

Having these structures, insulation can be secured 
with element forming regions. 
[0019] 

Also, according to the present invention, a solid- state 
15 imaging device manufacturing method, comprises the steps of 
forming a semiconductor substrate on a surface of which a 
plurality of solid-state imaging devices are arranged and on 
a back surface side of which external connecting terminals 
are arranged such that the external connecting terminals are 
20 connected electrically to the solid-state imaging devices via 
through-holes; jointing a translucent member to a surface of 
the semiconductor substrate such that spaces are provided to 
oppose to light receiving areas of the solid-state imaging 
devices; and separating a jointed body obtained in jointing 
25 step into individual solid-state imaging devices. 
[0020] 

According to such configuration, the semiconductor 
substrate, on a surface of which a plurality of solid-state 
imaging devices are arranged and on a back surface side 

30 of which external connecting terminals are arranged such 
that the external connecting terminals are connected 
electrically to the solid-state imaging devices via 
through-holes, is formed. Therefore, the solid-state 
imaging devices are positioned at the wafer level at a 

35 predetermined interval from the translucent member, then 
these imaging devices including the external leading 
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electrode terminals are packaged collectively and integrally, 
and the wafer is separated every solid-state imaging device. 
As a result, the solid-state imaging device that is easy 
to manufacture with the high reliability can be achieved. 
5 [0021] 

Preferably, the step of jointing the translucent member 
includes the steps of preparing a translucent member having 
a plurality of concave portions at positions that correspond 
to solid- state imaging device forming regions, and jointing 
10 the translucent member to a surface of the semiconductor 
substrate. 

[0022] 

According to such configuration, the concave portions 
can be formed easily only by forming previously the concave 
15 portions in the translucent substrate such that the spaces 
are provided to oppose to respective light receiving areas. 

Therefore, the number of parts can be reduced and the 
manufacturing is made easy. 
[0023] 

20 Preferably, the solid-state imaging device 

manufacturing method further comprises, prior to the step 
of jointing, the step of forming projected portions on a 
surface of the semiconductor substrate to surround the light 
receiving areas; wherein spaces are formed between the light 

25 receiving areas and the translucent member by the projected 
portions . 

[0024] 

According to such configuration, the solid-state 
imaging device that has the good workability and the high 
30 reliability can be provided easily only by packaging the 
solid-state imaging device onto the substrate to put the 
projected portions (spacers) that are formed previously 
on the surface of the semiconductor substrate therebetween. 
[0025] 

35 Preferably, the step of jointing is executed to form 

spaces between the semiconductor substrate and the 
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translucent member via spacers that are arranged to surround 
the light receiving areas. 
[0026] 

According to such configuration, the solid-state imaging 
5 device that has the high reliability can be provided easily 
merely by putting the spacers therebetween. 
[0027] 

In this invention, said method is further comprising 
the steps of: a step of forming solid-state imaging elements 
10 on a surface of the semiconductor substrate; a step of forming 
through-holes at a surface of the semiconductor substrate;a 
step of forming an insulating film in inner walls of the 
through-holes, and a step of filling conductive material 
in the through-holes. 
15 [0028] 

In this invention, the step of forming the insulating 
film includes a cold CVD method. 
[0029] 

In this invention, the step of filling conductive 
20 material includes a vacuum screen-printing method. 

Having these structures, the conductive material can 
be filled with through-holes while a negative pressure is 
produced therein by vacuum pumping, and contact between 
the conductive material and the solid-state imaging element 
25 can be secured easily without generation of voids. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIGS. 1(a) and (b) are a sectional view and an enlarged 
f ragmental sectional view showing a solid-state imaging device 
of a first embodiment of the present invention respectively. 
30 FIGS. 2 (a) to (d) are views showing steps of 

manufacturing the solid-state imaging device of the first 
embodiment of the present invention. 

FIGS. 3 (a) to (c) are views showing steps of 
manufacturing the solid-state imaging device of the first 
35 embodiment of the present invention. 

FIGS. 4 (a) to (d) are views showing steps of 
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manufacturing the solid-state imaging device of the first 
embodiment of the present invention. 

FIGS. 5 (a) to (e) are views showing steps of 
manufacturing the solid-state imaging device of a second 
5 embodiment of the present invention. 

FIGS. 6 (a) to (e) are views showing steps of 
manufacturing the solid-state imaging device of a third 
embodiment of the present invention. 

FIGS. 7 (a) and (b) are views showing steps of 
10 manufacturing the solid-state imaging device of a fourth 
embodiment of the present invention. 

FIG. 8 is a view showing steps of manufacturing the 
solid-state imaging device of a fifth embodiment of the 
present invention . 
15 FIG. 9 is a view showing steps of manufacturing the 

solid-state imaging device of a sixth embodiment of the present 
invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0030] 

20 Embodiments of the present invention will be explained 

with reference to the drawings hereinafter. 
[0031] 

(First Embodiment) 

In this solid-state imaging device, as shown in a sectional 
25 view of FIG. 1(a) and an enlarged fragmental sectional view 
of a solid-state imaging device substrate of FIG. 1(b), a glass 
substrate 201 serving as a translucent member is bonded onto 
a surface of a solid-state imaging device substrate 100 made 
of a silicon substrate 101 serving as a semiconductor substrate, 
30 in which a solid-state imaging element 102 is formed, via a 
spacer 203S in such a manner that a space C can be provided 
to be functioning as a light receiving area of the solid-state 
imaging device substrate 100. Further, a support member 701 
is formed at the opposite side of the solid-state imaging element 
35 being formed on the solid-state imaging device substrate 100. 
The support member 701 is electrically connected to pads 113 
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and bumps 114 as external leading terminals via through-holes 
H being formed on the solid-state imaging device substrate 
100 in such a way that said pads 113 and bumps 114 are arranged 
at the opposite side of the semiconductor substrate . through-hole 
5 Then, after mounting this solid-state imaging device with 
wafer level, connections to the outside can be made via the 
bumps 114by separating individually peripheries by using a 
dicing method. Here, as shown in FIG.4(d), a conductive layer 
108 is formed in the through-hole H, and the bumps 114 are 
10 connected to a peripheral circuit substrate 901 via an 
anisotropic conductive film 115. In this case, a height of 

the spacer 203S is set in a range from 10 to 500 jim, preferably 

between 80 and 120 /im. 
[0032] 

15 Here, as shown in the enlarged fragmental sectional view 

of FIG.l(b), the solid-state imaging device substrate 100 is 
constructed by the silicon substrate 101, on a surface of which 
solid-state imaging elements are arranged and RGB color filters 
46 and micro lenses 50 are formed. Here, though not appear 

20 in this cross section, through-holes are formed such that they 
are connected to charge transfer electrodes 32. 
[0033] 

The solid-state imaging device substrate 100 is constructed 
by forming a channel stopper 28 in a p-well 101b formed on 

25 a surface of an n-type silicon substrate 101a and then forming 
a photodiode 14 and a charge transfer device 33 to put this 
channel stopper therebetween. In this case, the photodiode 
14 is constructed by forming an n-type impurity region 14b 
in a p + -channel region 14a. Also, the charge transfer element 

30 33 is constructed by forming a vertical charge transfer channel 
20 made of an n-type impurity region, which is formed to have 

a depth of about 0.3 /im, in the p + -channel region 14a and also 

forming a vertical charge transfer electrode 32 made of a 
polysilicon layer, which is formed over an upper layer of this 
35 channel via a gate insulating film 30 made of a silicon oxide 
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film. Also, a reading gate channel 26 made of a p-type impurity 
region is formed between the charge transfer element 33 and 
the photodiode 14 that is used to read a signal charge to this 
vertical charge transfer channel 20. A through-hole (not shown 
5 in FIG . 1(b)) is formed to be connected to the vertical charge 
transfer electrode 32. 
[0034] 

The n-type impurity region 14b is exposed from the surface 
of the silicon substrate 101 along this reading gate channel 
10 26. The signal charge generated by the photodiode 14 is 
accumulated temporarily in the n-type impurity region 14b and 
then read out via the reading gate channel 26. 
[0035] 

In contrast, the channel stopper 28 made of the p + -type 
15 impurity region is present between the vertical charge transfer 
channel 20 and other photodiode 14. Thus, the photodiode 14 
and the vertical charge transfer channel 20 are isolated 
electrically from each other, and also the vertical charge 
transfer channels 20 are separated not to come into contact 
20 with each other. 
[0036] 

Then, the vertical charge transfer electrode 32 is formed 
to cover the reading gate channel 26 and to expose the n-type 
impurity region 14b and a part of the channel stopper 28. 
25 In this case, the signal charge is transferred from the reading 
gate channel 26 that is located under a portion, to which the 
reading signal is applied, of the vertical charge transfer 
electrode 32. 
[0037] 

30 Then, the vertical charge transfer electrode 32 and the 

vertical charge transfer channels 20 constitute the vertical 
charge transfer device (VCCD) 33 that transfers the signal 
charge, which is generated by pn junction of the photodiode 
14, in the vertical direction. A surface of the substrate 

35 on which the vertical charge transfer electrode 32 is formed 
is covered with a surface protection film 36. Then, a light 
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shielding film 38 made of tungsten is formed on an upper layer 
of this film such that only a light receiving area 40 of the 
photodiode 14 is opened but other areas are shielded from the 
light. 
5 .[0038] 

Then, an upper surface of the vertical charge transfer 
electrode 32 is covered with a planarizing insulating film 
43, which is formed to planarize the surface of the electrode, 
and a translucent resin film 44, which is formed on an upper 

10 surface of this film 43, Then, a filter layer 46 is formed 
on an upper surface of this film 44. A red-color filter layer 
46R, a green-color filter layer 46G, and a blue-color filter 
layer 46B are arranged sequentially in the filter layer 46 
such that predetermined patterns are formed to respond to 

15 respective photodiodes 14. 
[0039] 

Then, an upper surface of the filter layer 46 is covered 
with a micro lens array consisting of micro lenses 50 via a 
planarizing insulating film 48. These micro lenses 50 are 

20 formed by patterning the translucent resin containing the 
photosensitive resin with the refractive index of 1.3 to 2.0 
by virtue of the photolithography, then melting the resin to 
round such resin by a surface tension,, and then cooling the 
rounded resins. 

25 [0040] 

Next, steps of manufacturing the solid-state imaging device 
will be explained hereunder. As shown in manufacturing steps 
of FIGS. 2(a) to (d) and FIGS. 3 (a) to (c) , this method is executed 
based on the so-called wafer-level CSP method, in which the 

30 solid-state imaging devices are positioned at a wafer level, 
then these imaging devices are packaged collectively and 
integrally, and the wafer is separated every solid-state imaging 
device. (Although only two units are depicted on Figures 
hereinafter, a large number of solid-state imaging devices 

35 are formed successively on the wafer.) This method is 
characterized in that edges of the solid-state imaging device 
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substrate 100 and the glass substrate 201 are formed on an 
identical surface, and also the external leading terminals 
are led to the back surface side via through-holes that pass 
through the solid-state imaging device substrate 100 and a 
5 reinforcing plate 701 that is pasted onto a back surface of 
this substrate. Here, a sealing cover glass 200 with a spacer, 
in which the spacer 203S is formed previously, is employed. 
[0041] 

First, formation of the glass substrate with the spacer 
10 will be explained hereunder. 

As shown in FIG. 2(a), a silicon substrate 203 serving 
as the spacer is adhered onto a surface of the glass substrate 
201 via an adhesive layer 202 made of ultraviolet curing adhesive 
(cationic polymerization energy-line curing adhesive) . Then, 
15 a resist pattern Rl is left at portions, at which the spacers 
are formed, by the etching method using the photolithography. 
[0042] 

Then, as shown in FIG. 2 (b) , the spacers 203S are formed 
by etching the silicon substrate 203 while using this resist 
20 pattern Rl as a mask. 
[0043] 

Then, as shown in FIG.2(c), while leaving the resist 
pattern Rl to form the spacers 203S, resist is filled in 
inter-spacer areas except inter-element areas. Then, as shown 

25 in FIG.2(d), inter-element recess portions 204 are formed by 
etching the glass substrate 201 up to a predetermined depth. 

Then, an adhesive layer 207 is formed on surfaces of the spacers 
respectively. In this case, the spacers are formed of the 
silicon substrate. Therefore, if the etching is carried out 

30 under the conditions that an etching rate of silicon oxide 
as a major component of the glass substrate 201 can be set 
sufficiently largely rather than an etching rate of silicon, 
such etching may be carried out in the situation that side 
walls of the spacers are exposed in the inter-element areas. 

35 The dicing blade (grindstone) may be employed to form the 
inter-element recess portions 204. 
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[0044] 

Also, the recess portions 204 may be formed by forming 
the resist pattern R, which includes the overall side walls 
of the spacers, by applying the photolithography again, and 
5 then executing the etching via this resist pattern. In this 
manner, the sealing cover glass 200 in which the recess portions 
204 and the spacers 203S are formed is obtained. 
[0045] 

Then, the solid-state imaging device substrate 100 is 
10 formed. As shown in FIG .3(a), the silicon substrate 101 is 
prepared previously (here a 4 - 8 inch wafer is used) to form 
the solid-state imaging device substrate 100. (Although only 
one unit is depicted in Figures hereinafter, a large number 
of solid-state imaging devices are formed successively on the 
15 wafer) Then, the device region including the channel stopper 
layer, the channel region, the charge transfer electrode, etc. 
are formed by using the ordinary silicon processes (FIG. 3 (a) ) . 

Then, the reinforcing plate 701 made of the silicon substrate, 
on which a silicon oxide film is formed, is jointed onto a 
20 back surface of the solid-state imaging device substrate 100 
by the surface-activated cold joint. 
[0046] 

Then, as shown in FIG.3(b), alignment is executed 
by using alignment marks that are formed on peripheral 

25 portions of respective substrates. Then, the sealing cover 
glass 200 in which the spacers 203S are adhered to the 
plate-like glass substrate 201 is mounted on the solid-state 
imaging device substrate 100 formed as above. Then, a 
resultant structure is heated to joint integrally both the 

30 cover glass and the device substrate by the adhesive layer 
207. It is desired that this step should be executed in 
vacuum or in an inert gas atmosphere such as a nitrogen 
gas . 

[0047] 

35 Then, the through-holes 108 are formed from the back 

surface side of the reinforcing plate 701 by anisotropic 
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etching with using resist pattern mask that is formed by 
the photolithography. Then, a silicon oxide film 109 is 
formed in the through-hole H by the CVD method. Then, the 
silicon oxide film 109 is left only on side walls of the 
5 through-holes H by applying the anisotropic etching 
(FIG.3(c)). Since this film forming process is performed 
under low pressure, the silicon oxide film 109 can be well 
coated in the through-hole H. More specifically, said 
anisotropic etching is performed so that the silicon oxide 
10 film 109 remains only on the inner wall of the through-hole 
H which allows the pad BP to be exposed. As a result, silicon 

oxide film 109 having around 5 i± can be formed at the inner 
wall of the through-hole. 
[0048] 

15 Then, as shown in FIG. 4 (a), silver film is formed as 

a conductor layer 108, which contacts to the bonding pad, in 
the through-hole H by the screen-printing method using silver 
paste from back surface under vacuum condition. It is also 
possible to form such a conductive layer by using alternative 

20 methods, such as forming tungsten film by using CVD method 
with WF 6 gas, instead of using the screen-printing method. 
[0049] 

Then, as shown in FIG.4(b), the bonding pads 113 are 
formed on a surface of the reinforcing plate 701, and then 
25 the bumps 114 are formed. 

In this manner, signal leading electrode terminals and 
current-supplying electrode terminals can be formed on the 
reinforcing plate 701 side. 
[0050] 

30 Then, as shown in FIG.4(c), the anisotropic conductive 

film 115 (ACP) is coated on the surface of the reinforcing 
plate 701. 

Lastly, as shown in FIG.4(d), the circuit substrate 901 
on which driving circuits are formed is connected via the 
35 anisotropic conductive film 115. In this case, .made of the 
conductive layer, which is filled in the through-holes formed 
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to pass through the substrate, and bonding pads 210 are formed 
in this circuit substrate 901. The connection to the circuit 
substrate 901maybe executedby the j ointing using the ultrasonic 
wave, the soldering, the eutectic bonding, or the like. 
5 Accordingly, the connection to the circuit substrate 

such as the printed board, or the like can be attained easily 
via the bonding pads 210. 
[0051] 

Then, the dicing is applied to the overall wafer along 
10 the dicing line DC that contains the contact layers 117 and 
the conductive layers 108 in its inside. Thus, the wafer is 
divided into individual solid-state imaging devices . (Although 
only one unit is depicted in Figures, a large number of solid-state 
imaging devices are formed successively on one sheet of the 
15 wafer . ) 

In this manner, the solid-state imaging devices can be 
manufactured extremely easily with good workability. 
[0052] 

In this case, the reinforcing plate 701 is formed of the 
20 silicon substrate on which the silicon oxide film is formed. 
Therefore, the thermal insulation or the electric insulation 
between the solid-state imaging device substrate 100 and the 
reinforcing plate 701 can be provided. 
[0053] 

25 Also, in the previous embodiment, the conductive layer 

is formed in the through-holes H by the screen-printing 
method. In this case, even if the plating method, the CVD 
method, the vacuum suction method, or the like is employed, 
the filling of the conductive layer into the contact holes, 

30 which have a high aspect ratio, can be executed easily with 
good workability. 
[0054] 

Further, in the first embodiment, the electrical 
connection between the solid-state imaging device substrate 
35 100 and the circuit substrate 901, on which the peripheral 
circuits are mounted, is provided via the through-holes. 
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But the present invention is not limited to this process. 
There may be applied the method of forming contacts by 
the impurity diffusion applied from both the front surface 
and the back surface such that the front and back surfaces 
5 can be connected electrically, etc. 

In this manner, the signal leading electrode terminals 
and the current-supplying electrode terminals can be formed 
can be formed on the reinforcing plate 701 side. 
[0055] 

10 Furthermore, the solid-state imaging devices are packaged 

coactively not to execute the alignment individually and apply 
the electric connection such as the bonding individually, and 
then are separated into individual solid-state imaging devices. 
Therefore, the manufacturing is made easy and the handling 
15 is simplified. 

[0056] 

Also, the recess portions 204 are formed previously on 
the glass substrate 201, and then remaining portions of the 
glass substrate 201 are removed from the surface by the CMP 
20 method, or the like up to a depth that reaches the recess portions 
204 after the packaging is completed. Therefore, the 
solid-state imaging devices can be separated very easily. 
[0057] 

Also, individual solid-state imaging devices can be 
25 formed only by applying the cutting or the polishing in 
the situation that the surface on which the device is formed 
is sealed in the clearance C by the j o in ting step . Therefore, 
the solid-state imaging device with high reliability can 
be provided with less damage to the device and without the 
30 entering of the dust. 
[0058] 

Besides, since the silicon substrate 101 is thinned up 
to about 1/2 of the depth by the CMP, reduction in size and 
thickness of the solid-state imaging device can be achieved. 
35 Also, since the silicon substrate 101 is thinned after the 
silicon substrate 101 is jointed to the glass substrate 201, 
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reduction in the mechanical strength can be prevented. 
[0059] 

In this manner, according to the configuration of 
the present invention, the solid-state imaging devices are 
5 positioned at the wafer level, then these imaging devices 
are packaged collectively and integrally, and the wafer 
is separated every solid-state imaging device. As a result, 
the solid-state imaging device that is easy to manufacture 
with high reliability can be formed. 

10 [0060] 

In this case, in the first embodiment, the solid-state 
imaging device is formed in such a manner that these imaging 
devices are connected collectively by the wafer-level CSP 
and then separated by the dicing . But the solid-state imaging 

15 device substrate 100, in which the through-holes H are formed 
and the bumps 114 are formed, is separated into individual 
solid-state imaging devices by the dicing, and then the 
sealing cover glass 200 may be adhered to the solid-state 
imaging device one by one. 

20 Also, the micro lens array may be formed by forming a 

transparent resin film on the substrate surface, and then forming 
a lens layer in which a gradient of the refractive index is 
formed at a predetermined depth by the ion implantation from 
this surface. 

25 [0061] 

Also, as the spacer, the glass, the polycarbnate, or 
the like may be selected appropriately in addition to the silicon 
substrate . 

[0062] 

30 (Second Embodiment) 

Next, a second embodiment of the present invention will 
be explained hereunder. 

In the above first embodiment, the through-holes H 
are formed to pass through the reinforcing plate 701, and 
35 then the conductive layers 108 are formed. In this second 
embodiment, the solid-state imaging device substrate is 
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V 

formed by using the silicon substrate in which through-holes 
(vertical holes) are formed previously. Accordingly, 
because a depth of the vertical hole can be formed shallow, 
the productivity can be improved and also yield of the 
5 manufacturing can be improved. 
[0063] 

More particularly, as shown in FIG. 5 (a), prior to 
the formation of the solid-state imaging element, first 
a resist pattern is formed on the back surface of the silicon 

10 substrate by the photolithography, and then through-holes 
H are formed by the RIE (Reactive Ion Etching) while using 
this resist pattern as a mask. In this case, in this step, 
a pad 110 made of aluminum, or the like is formed on the 
surface and then the through-holes H are formed to reach 

15 this pad. 

[0064] 

Then, as shown in FIG. 5(b), a silicon oxide film 119 
is formed on the inner wall of the through-hole H by the 
low-temperature CVD method. 

20 Since this film forming process is performed under low 
pressure, the silicon oxide film 109 can be well coated 
in the through-hole H. More specifically, said anisotropic 
etching is performed so that the silicon oxide film 109 
remains only on the inner wall of the through-hole H which 

25 allows the pad BP to be exposed. 

It is also to adopt the alternative way, such as thermal 
oxidation method, instead of the low- temperature CVD method . 
However in this case, it is required for the back surface 
and substrate surface to be coated with the resist beforehand. 

30 Then, as shown in FIG. 5(c), like the above embodiment, 

element regions in which the solid-state imaging elements are 
formed by using the ordinary silicon processes. 
[0065] 

Then, as shown in FIG. 5(d), the alignment is executed 
35 by using the alignment marks that are formed on peripheral 
portions of respective substrates. Then, the sealing cover 
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glass 200, in which the spacers 203S are adhered to the plate-like 
glass substrate 201, is mounted on the solid- state imaging 
device substrate 100 formed as above. Then, a resultant 
structure is heated to joint integrally both the cover glass 
5 and the device substrate by the adhesive layer 207. In this 
case, the surface-activated cold joint may be employed as the 
jointing step. 
[0066] 

Then, as shown in FIG.5(e), the reinforcing plate 701 
10 is jointed to the back surface side of the solid-state imaging 
device substrate 100 by the surface-activated cold joint, and 
then the through-holes 108 are formed from the back surface 
side by the etching method using the photolithography to come 
up to the through-holes 118 that was already made. Here, it 
15 is desired that the electric insulation should be applied to 
inner walls of the through-holes 108. Also, the reinforcing 
plate in which the through-holes are formed in advance may 
be employed. 

[0067] 

20 After this, the solid-state imaging device having 

the structure in which respective layers up to the circuit 
substrate on which the peripheral circuits are formed are 
laminated can be formed easily by executing the steps 
explained in the above first embodiment and shown in FIGS . 4 (a) 

25 to (d) . As described above, in the present embodiment, 
because the depth of the through-hole can be formed shallow, 
by which the productivity can be improved and also yield 
of the manufacturing can be improved. 
[0068] 

30 (Third Embodiment) 

Next, a third embodiment of the present invention 
will be explained hereunder. 

In the above second embodiment, the conductivity layer 
in the through-hole H, which is formed in the solid-state imaging 
35 device substrate, can be formed after contact of the reinforcing 
plate 701 is made and another through-hole is formed in it. 
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However, in the third embodiment, as the next step of forming 
the through-hole H, silver film for making contact with the 
bonding pad is formed by the screen-printing method under vacuum 
condition prior to the contact of the reinforcing plate 701 
5 being made as shown in Fig. 6(b). 
[0069] 

That is to say, the through-hole H is formed in the same 
way as shown in the second embodiment, and as shown in Fig. 6 (b) , 
the screen-printing is performed in such a way that silver 

10 paste is applied to the through-hole from the back surface 
by suction force generated by the vacuum screen-printing method, 
by which contact can be made between the silver film and the 
bonding pad in the through-hole. 

The rests of the forming processes can be the same as 

15 that of the second embodiment. Namely, as shown in FIG. 6(c), 
like the previous embodiment, element regions in which the 
solid-state imaging elements are formed by using the ordinary 
silicon processes. Then, as shown in FIG. 6(d), after the 
alignment being made, the sealing cover glass 200, in which 

20 the spacers 203S are adhered to the plate-like glass substrate 
201, is mounted on the solid- state imaging device substrate 
100 formed as above. Then, a resultant structure is heated 
to joint integrally both the cover glass and the device substrate 
by the adhesive layer 207. 

25 [0070] 

Then, as shown in FIG. 6(e), the reinforcing plate 701 
is jointed to the back surface side of the solid-state imaging 
device substrate 100 by the surface-activated cold joint, and 
after another through-hole H being formed from the back surface, 

30 the vacuum screen-printing method is once more applied to the 
through-hole to form a conductive layer in it. 
[0071] 

According to this structure, productivity might be lowered 
a little from the need of two processes because forming the 
35 conductive layer are twice performed separately for the formerly 
formed through-hole and the later formed through-hole . However, 
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this requirement of duplicated processes gives also such a 
advantage that depth of each through-hole in which conductive 
layer is formed becomes shallow so that well coating condition 
can be expected. 
5 [0072] 

Although the through-hole of the solid-state imaging 
element is formed prior to forming of the element region thereof 
in the above embedment, it is also possible to form a through-hole 
after the formation of the element region. 
10 Further, the silver was used as material to form the 

conductive layer in the through-hole, however, any other 
conductive material can be adopted such as copper and so on. 
[0073] 

(Fourth Embodiment) 

15 Next, a fourth embodiment of the present invention 

will be explained hereunder. 

In the above third embodiment, the contacts are formed 
to pass through the reinforcing plate 701, the solid-state 
imaging device substrate, and the circuit board, and then 

20 the electrode leading to the circuit substrate side is 
executed so as to form the external contact terminals. 
In contrast, as shown in FIGS. 7 (a) and 7(b), the third 
embodiment is characterized in that a conductive layer 120 
as the wiring layer is formed on side walls and then the 

25 electrode leading is executed from the side walls of the 
solid-state imaging device. Pad 210 is for the external 
connection use. 
[0074] 

The manufacturing steps may be carried out 
30 substantially similarly to the above second embodiment. 
In this case, the solid-state imaging devices in which the 
wiring layer is formed easily on the side wall can be formed 
by forming the through-holes at positions, which correspond 
to edge portions of respective solid-state imaging devices, 
35 and then applying the dicing along the cutting lines DC 
including the through-holes. 



■21- 



Also, since the conductive layer 120 that is filled 
into the through-holes is made of the light shielding material 
such as tungsten, or the like, the light incident onto the 
solid-state imaging device can be shielded and thus reduction 
5 in the malfunction can be achieved* 

Also, if this reinforcing plate is formed of the 
polyimide resin, the ceramic, the crystallized glass, the 
silicon substrate whose front andback surfaces are oxidized, 
or the like, such reinforcing plate can fulfill a role of 
10 the thermally insulating substrate. In addition, the 
reinforcing plate may be formed of the sealing material 
with the moisture proof property, the light shielding 
material . 

[0075] 

15 (Fifth Embodiment) 

Next, a fifth embodiment of the present invention will 
be explained hereunder. 

From the second to the fourth embodiments, the back surface 
side of the solid-state imaging device substrate 100 is stacked 
20 on the peripheral circuit board via the reinforcing plate. 
In the fourth embodiment, as shown in FIG. 8, the solid-state 
imaging device substrate 100 is stacked on the peripheral circuit 
substrate 901, and the reinforcing plate 701 is stacked in 
turn on the back surf ace sideof the peripheral circuit substrate. 
25 [0076] 

This reinforcing plate 701 is also used as a heat 
radiation plate. 

The manufacturing steps are executed substantially 
similarly to the second and third embodiments. In this 
30 case, since the solid-state imaging device substrate 100 
and the peripheral circuit substrate 901 are arranged at 
positions that are close to each other, a connection 
resistance can be reduced and thus a high-speed driving 
can be implemented. 
35 [0077] 

(Sixth Embodiment) 
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Next, a sixth embodiment of the present invention will 
be explained hereunder. 

In the sixth embodiment, the through-holes are formed 
in the inside of the substrate and then the electrodes are 
5 led onto the back surface side of the peripheral circuit substrate . 
In contrast, as shown in FIG* 9, the fifth embodiment is 
characterized in that a conductor layer 120 as the wiring layer 
is formed on the side wall. 
[0078] 

10 Like the above fourth embodiment, in manufacturing, the 

solid-state imaging device to which side wall wirings are applied 
can be formed easily only by positioning the dicing lines at 
the positions that include the contacts formed in the 
through-holes. 

15 In this solid-state imaging device, because the wirings 

are formed on the side walls, the signal leading electrode 
terminals and the current-supplying electrode terminals 
can also be formed on the side walls. In this case, it 
is needless to say that the connection may be supplied by 

20 forming the pads and the bumps on the back surface side 
of the peripheral circuit substrate 901. A reference 701 
is the reinforcing plate. 
[0079] 

In this case, in the above embodiments, the method of 
25 jointing the glass substrate constituting the sealing cover 
glass and the spacers and the method of jointing the solid-state 
imaging device substrate and the sealing cover glass by using 
the adhesive layer are explained. In all embodiments, if 
surfaces of the spacers and the solid-state imaging device 
30 substrate is formed of Si, the metal, or the inorganic compound, 
they can be jointed appropriately by the surface-activated 
cold joint without employment of the adhesive. If the cover 
glass is formed of Pyrex and the spacers are formed of silicon, 
the anodic joint may be employed. If the adhesive layer should 
35 be employed, not only the UV adhesive but also the thermosetting 
adhesive, the semi-curing adhesive, the thermosetting and UV 
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curing adhesive, or cold-curing adhesive agent may be employed 
as the adhesive layer. 
[0080] 

Also, as explained in the above first embodiment, 42 
5 alloy, metal, glass, photosensitive polyimide, polycarbonate 
resin, or the like in addition to the silicon substrate may 
be selected appropriately as the spacers in all embodiments. 
[0081] 

Also, when the solid-state imaging device substrate and 
10 the sealing cover glass are jointed by using the adhesive layer, 
flow-out of the melted adhesive layer may be prevented by forming 
the reservoir, or the like. Also, when the spacers and the 
solid-state imaging device substrate or the sealing cover glass . 
are jointed, similarly flow-out of the melted adhesive layer 
15 may be prevented by forming a concave portion or a convex portion 
in the jointed portion to form the reservoir, or the like. 
[0082] 

In this case, in the above embodiments, when the substrate 
on which the cutting recesses are formed is separated into 
20 individual devices, the CMP is applied up to positions of the 
cutting recesses. In this case, the grinding, the polishing, 
or the full surface etching may be employed. 
[0083] 

Also, in the above embodiments, in the situation that 
25 the reinforcing plate (701) is employed, if such reinforcing 
plate is formed of the polyimide resin, the ceramic, the 
crystallized glass, the silicon substrate whose front and back 
surfaces are oxidized, or the like, as the case may be, as 
the material, such reinforcing plate can. have a role of the 
30 thermal insulating substrate. Also, the reinforcing plate 
may be formed of the sealing material with the moisture proof 
property, the light shielding material. 
[0084] 

Also, in the above embodiments, if the pasting between 
35 the glass substrate and the spacers is needed, such pasting 
may be executed by coating the ultraviolet curing resin, 
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cold-curing adhesive agent, the thermosetting resin, or common 
use of them, or the semi-curing adhesive* Also, dispenser 
supply, screen printing, stamp transfer, or the like may be 
selected appropriately to form the adhesive. 
5 [0085] 

In addition, examples explained in respective embodiments 
may be varied mutually in the scope that is applicable to overall 
embodiments . 
[0086] 

10 As described above, according to the present invention, 

the solid-state imaging device the size of which is small and 
which is easily connected to the main body can be formed. 

Also, according to the present invention, the solid- 
state imaging devices are positioned at the wafer level, then 

15 these imaging devices including the external leading electrode 
terminals are packaged collectively and integrally, and the 
wafer is separated every solid-state imaging device . Therefore, 
the solid-state imaging device that is easy to manufacture 
and the high-precision positioning can be achieved. 

20 
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